Identity of SMCT1 (SLC5A8) as a neuron-specific Na+-coupled transporter for active uptake of L-lactate and ketone bodies in the brain.
SMCT1 is a sodium-coupled (Na(+)-coupled) transporter for l-lactate and short-chain fatty acids. Here, we show that the ketone bodies, beta-d-hydroxybutyrate and acetoacetate, and the branched-chain ketoacid, alpha-ketoisocaproate, are also substrates for the transporter. The transport of these compounds via human SMCT1 is Na(+)-coupled and electrogenic. The Michaelis constant is 1.4 +/- 0.1 mm for beta-d-hydroxybutyrate, 0.21 +/- 0.04 mm for acetoacetate and 0.21 +/- 0.03 mm for alpha-ketoisocaproate. The Na(+) : substrate stoichiometry is 2 : 1. As l-lactate and ketone bodies constitute primary energy substrates for neurons, we investigated the expression pattern of this transporter in the brain. In situ hybridization studies demonstrate widespread expression of SMCT1 mRNA in mouse brain. Immunofluorescence analysis shows that SMCT1 protein is expressed exclusively in neurons. SMCT1 protein co-localizes with MCT2, a neuron-specific Na(+)-independent monocarboxylate transporter. In contrast, there was no overlap of signals for SMCT1 and MCT1, the latter being expressed only in non-neuronal cells. We also demonstrate the neuron-specific expression of SMCT1 in mixed cultures of rat cortical neurons and astrocytes. This represents the first report of an Na(+)-coupled transport system for a major group of energy substrates in neurons. These findings suggest that SMCT1 may play a critical role in the entry of l-lactate and ketone bodies into neurons by a process driven by an electrochemical Na(+) gradient and hence, contribute to the maintenance of the energy status and function of neurons.